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(57) A telephone exchange (20) provides dial-up 
switched connections for customers' broad- 
band data terminal equipment (DTE) (34). In 
response to data received over an associated 
narrowband channel (36), the exchange 
establishes a broadband transmission path (38) 
to a broadband DTE (34) associated with the 
narrowband channel. Upon receiving a number 
for the called party broadband DTE (34A) over 
the narrowband channel, the exchange (20) 
establishes an interoffice broadband channel 
for communications between the originating 
and destination DTE. 
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Background of the Invention 

This invention relates generally to the switching 
and transmission of broadband communication chan- 
nels. The invention is more specifically directed to 
dial-up switching of such channels upon end user de- 
mand and the transmission of such channels through 
an interoffice communication network. 

Transmission of high bandwidth signals between 
different locations has been typically accomplished 
utilizing direct point-to-point broadband communica- 
tion channels. Dedicated (non-switched) broadband 
communication channels are used to carry the high 
bandwidth signals. Examples of such applications in- 
clude cable television and high speed data transmis- 
sion between computers. 

Point-to-point broadband communication chan- 
nels have several disadvantages. Since each com- 
munication station within such a network requires a 
dedicated channel, it is expensive to reconfigure or 
modify the network especially when a user's terminal 
is relocated to a site not already linked to the network. 
Such networks suffer from a lack of flexibility and are 
not able to provide those users with only an occasion- 
al need of a broadband channel with a cost effective 
solution. 

Digital access and cross-connect systems (DCS) 
provide a known capability for interconnecting high 
bandwidth transmission facilities such as DS1 and 
DS3 transmission links. In U.S. patent 5,042,062 a 
plurality of DCS are connected to each other to pro- 
vide communication links between broadband ser- 
vice users. In that system, local exchanges in re- 
sponse to a customer request control associated DCS 
to connect broadband terminals over broadband 
channels directly coupling the DCS. 

There exists a need for a flexible broadband com- 
munication facility which permits dial-up broadband 
channels to be handled by the public switched tele- 
phone network (PSTN). 

Summary of the Invention 

It is an object of the present invention to satisfy 
the need for a flexible broadband communication fa- 
cility which permits dial-up broadband channels to be 
connected through the PSTN. 

In accordance with an embodiment of the present 
invention, broadband user equipment such as video 
terminals are connected via DCS to a local central of- 
fice exchange. Separate data terminal equipment 
(DTE) such as an ISDN telephone is associated with 
each broadband terminal and is coupled by a narrow- 
band channel to the local exchange. Adatabase in the 
local exchange stores the number of each such tele- 
phone and the corresponding port address on the 
DCS to which the associated broadband terminal is 
connected. A control channel between the local ex- 



change and the coupled DCS enables the exchange, 
in response to a broadband channel request entered 
over the telephone by a user, to cause the DCS to 
connect the user's corresponding broadband termi- 

5 nal via broadband lines to the exchange. 

A user enters the number of another broadband 
terminal to which communications is desired using 
the telephone associated with the user's broadband 
terminal. Utilizing a predetermined D channel (which 

10 carries signaling) of an ISDN PRI circuit, the local ex- 
change generates a data packet containing the num- 
ber of the called party's terminal, number of the call- 
ing party's terminal, address of another T1 circuit to 
be utilized to carry the broadband communications, 

15 and overhead data associated with the packet. This 
information is transmitted over the interoffice net- 
work to the local exchange to which the called party 
is connected. The called party's local exchange util- 
izes a database associated with the called party num- 

20 ber to identify the port at the associated DCS to which 
the called party's broadband terminal is connected. 
Assuming paths between the calling party's broad- 
band terminal and the called party's broadband ter- 
minal are available, a broadband call is established 

25 between the calling and called party's exchanges. 

Another advantage of the present invention al- 
lows T1 users to be connected with integrated servic- 
es digital network (ISDN) primary rate interface (PRI) 
users. This interoperability is provided because the 

30 normally allocated signaling channel (D) of a conven- 
tional ISDN PRI is no longer needed to carry signaling 
and can be utilized as a conventional B (user traffic) 
channel thereby providing sufficient bandwidth to be 
compatible with a T1 circuit 

35 

Brief Description of the Drawings 

FIG. 1 is a block diagram of a communication sys- 
tem which incorporates an embodiment of the present 
40 invention. 

FIG. 2 is a block diagram of a local exchange as 
shown in FIG. 1. 

FIG. 3 is a block diagram of an administrative 
module as shown in FIG. 2. 
45 FIG. 4 is a table which stores and correlates tel- 

ephone numbers of users' broadband terminals and 
the terminating DCS port of the corresponding termi- 
nals. 

FIG. 5 illustrates the data format of a convention- 
50 al ISDN PRI circuit. 

FIG. 6 illustrates the data format of a convention- 
al T1 circuit. 

FIG. 7 illustrates signaling transmitted over the in- 
teroffice network in accordance with the present in- 
55 vention. 

FIG. 8 is a flow diagram illustrating steps utilized 
for initiating a dial-up broadband call in accordance 
with the present invention. 
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FIG. 9 is a flow diagram illustrating steps for proc- 
essing a received dial-up broadband call at another 
local exchange in accordance with the present inven- 
tion. 

FIG. 10 is a flow diagram illustrating steps asso- 5 
ciated with tearing down a previously established 
dial-up broadband circuit in accordance with the pres- 
ent invention. 



Detailed Description 
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Referring to FIG. 1 , a switching system 1 0 is cou- 
pled to a separate switching system 12 by an interof- 
fice network including interoffice switch 14 and direct 
trunk lines 16. The switching systems are also cou- 15 
pled to other switching systems via the public switch- 
ed telephone network 18. 

The switching system 10 includes a local central 
office exchange 20 which is connected to and sup- 
ports broadband switching devices 22 and 24 such as 20 
digital access and cross-connect systems (DCS), 
equipment located at customer locations 26 and 28, 
and telephones 30. In the illustrative embodiment, 
each customer location contains a telephone 32 and 
a broadband communication device 34 such as a vid- 25 
eo terminal. Telephones 30 and 32 are coupled to lo- 
cal exchange 20 by conventional narrowband lines 
36. Communication lines 38, such as T1 lines which 
are capable of carrying broadband signals, connect 
broadband equipment 34 to DCS 22 and 24 and con- 30 
nect the DCS to the local exchange 20. A communi- 
cation line 40 which functions as a control communi- 
cation channel connects local exchange 20 to DCS 22 
and 24. In the illustrative example it is contemplated 
that a plurality of customer locations 26 and 28 will 35 
each contain broadband equipment 34 coupled, re- 
spectively, to DCS 22 and 24. 

Local exchange 20 preferably consists of a digital 
switch such as the AT&T 5ESS® switch. Broadband 
switches 22 and 24 may consist of an AT&T DACS IV 40 
digital access and cross-connect system. Broadband 
transmission lines 38 are capable of supporting at 
least DS1 (1.536 Mbps) transmission; narrowband 
transmission lines 36 support standard 64 kilobit 
channels. As used herein, the term "broadband" re- 45 
fers to a bandwidth capable of supporting at least a 
DS1 circuit. The telephones 30 and 32 may comprise 
an ISDN telephone utilizing the known ISDN basic 
rate interface for subscriber lines, or may comprise a 
standard telephone supported by an analog line. so 

The switching system 12 in this illustrative em- 
bodiment contains similarly configured elements as 
previously described with respect to switching system 
1 0; the suffix letter A is added to identify correspond- 
ing elements in system 12 with the corresponding 55 
elements previously described in system 10. Interof- 
fice transmission trunks 16, 42, and 44 each include 
the capacity to carry a plurality of broadband chan- 



nels, narrowband channels, and data channels util- 
ized for interoffice signaling such as CCITT signaling 
system 7. 

A user at location 26 initiates a request utilizing 
telephone 32 to establish a dial-up broadband con- 
nection to a broadband device 34A at customer loca- 
tion 28A. A telephone number associated with broad- 
band equipment 34A is entered by the customer at lo- 
cation 26 using telephone 32. Local exchange 20 rec- 
ognizes the request for a broadband connection and 
uses a database stored within the local exchange to 
identify the port on DCS 22 to which broadband ter- 
minal 34 is coupled based on the number of telephone 
32 at location 26. A control signal sent from the ex- 
change over line 40 causes the corresponding port of 
DCS 22 to be activated and establishes a broadband 
transmission path through DCS 22 and 24 via lines 38 
to local switch 20. The local exchange 20 transmits a 
request for a broadband connection to local exchange 
28 as will be described in more detail below. Local ex- 
change 20A correlates the called broadband terminal 
number to a corresponding port on DCS 24A. Using 
control line 40A, local exchange 20A instructs DCS 
22Aand 24 A to establish a broadband path to broad- 
band terminal 34A at location 28A through DCS 22A 
and 24A via lines 38A. Thus, a broadband communi- 
cation path is established between the broadband 
terminals over the interoffice trunk network. A de- 
tailed description of this capability is provided below. 

FIG. 2 is a block diagram of an illustrative local ex- 
change 20 which, in the exemplary embodiment, 
comprises an AT&T 5ESS switch. An administrative 
module 46, which will be described in more detail with 
respect to FIG. 3, provides control over communica- 
tion modules 48 and 50 which are coupled to service 
modules 52 and 54, respectively. In the illustrative 
embodiment, each service module supports a plural- 
ity of narrowband channels 36 and broadband chan- 
nels 38. The time-space-time switch configuration 
served by the service and communication modules is 
well known. A storage device 56 contains operational 
program instructions utilized by the administrative 
module 46 in controlling the local exchange. An inter- 
face 58 is utilized to provide a communication inter- 
face between administrative module 46 permitting 
data communications on line 40 such as utilizing the 
known X.25 communications protocol. 

FIG. 3 is a block diagram illustrating an exem- 
plary administration module 46 which includes a mi- 
croprocessing unit (MPU) 60, read-only-memory 
(ROM) 62, random access memory (RAM) 64, pro- 
gram storage unit 56, and a plurality of input/output 
(I/O) devices 66, 68, and 70. Programs stored in de- 
vice 56, ROM 62 and RAM 64, enables MPU 60 to 
exercise control of the communication modules via 
I/O devices 66 and 68. The I/O device 70 allows MPU 
60 to establish digital communications utilizing X.25 
interface 58 with the DCS coupled to communication 
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line 40. 

FIG. 4 is a table illustrating information stored in 
local exchanges 20 and 20A. Each row of the table 
contains a telephone number associated with a 
broadband terminal and the corresponding address 
of the DCS port to which the corresponding broad- 
band terminal is connected. This information is util- 
ized by the local exchange to establish a broadband 
channel from the local exchange to the correspond- 
ing DCS port address of the broadband terminal as- 
sociated with a requested telephone number. In the 
switching system which originates a request for a dial- 
up broadband channel, the number of the narrow- 
band line coupled to the telephone associated with 
the originating party's broadband terminal identifies 
the originating broadband terminal. In the switching 
system receiving a request from another switching 
system to establish a dial-up broadband path to a lo- 
cal broadband terminal, the telephone number of the 
called party received as data by the destination ex- 
change identifies the corresponding DCS port in ac- 
cordance with the table of FIG. 4 to which the broad- 
band communication path is to be established. The in- 
formation in this table is preferably stored prior to ac- 
tivation of a customer location needing broadband 
service. 

FIG. 5 is a diagram illustrating a frame of a con- 
ventional ISDN PRI circuit which consists of 24 chan- 
nels each of 64 kilobit capacity comprising 23 B chan- 
nels and one D signaling channel. 

FIG. 6 illustrates the diagram of a T1 circuit indi- 
cating that it consists of 24 B channels each of 64 kilo- 
bits. It will be apparent that the ISDN PRI. circuit dif- 
fers in that one of the 64 kilobit channels is utilized as 
a signaling channel. A D channel on one ISDN PRI cir- 
cuit is utilized to provide control information for other 
ISDN PRI circuits permitting such ISDN PRI circuits 
to utilize the normal D channel as another B channel 
thereby, making such ISDN PRI circuits compatible 
with the T1 format. Thus, utilizing the D channel of 
one ISDN PRI circuit to provide needed control infor- 
mation to establish broadband channels through the 
interoffice network also provides the enhanced capa- 
bility of providing communications between a user of 
a T1 circuit and a user of an ISDN PRI circuit. 

FIG. 7 shows an exemplary format for informa- 
tion carried by the D channel of an ISDN PRI circuit 
utilized to establish dial-up broadband interoffice con- 
nections. The illustrated packet transmitted over the 
D channel includes the called party broadband tele- 
phone number, the calling party broadband tele- 
phone number, and associated data overhead for the 
transmitted packet. The called party number, as map- 
ped by the table of FIG. 4, identifies which DS1 circuit 
will be utilized to carry user broadband traffic over 24 
B channels between users. It will be apparent that a 
plurality of such packets may be carried by a D chan- 
nel thereby, providing information for a plurality of 
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DS1 circuits utilized for broadband transmissions. 

FIG. 8 illustrates exemplary steps in accordance 
with an embodiment of the present invention for orig- 
inating a request for a broadband transmission path. 
5 Beginning with START 80, a narrowband line is ac- 
cessed in step 82 by a telephone 32 associated with 
a broadband terminal 34. Telephone 32 may comprise 
an ISDN basic rate telephone which accommodates 
data transmission to the local exchange 20. Alterna- 
te* tively, telephone 32 may comprise a conventional 
analog telephone in which access to a corresponding 
line is initiated by coming off-hook. In step 84 a call 
originate access code is entered identifying the re- 
quested service as a dial-up broadband circuit re- 
ts quest. This access code may comprise a predeterr- 
nined set of digit entries such as from a touch-tone 
pad if an analog telephone is utilized or a digital word 
sent by depressing a predefined button on an ISDN 
phone. In step 86 the user enters the telephone num- 
20 ber associated with the destination broadband termi- 
nal to be called. In step 88 the local exchange 20 iden- 
tifies the DCS port address of the originating party's 
broadband terminal based upon the associated tele- 
phone number of telephone 32 in accordance with the 
25 table of FIG. 4. In step 90 a determination is made if 
a route between the originating broadband terminal 
34 and the local switch 20 is available. If NO, a mes- 
sage is sent to the originator of the call indicating a 
call failure as indicated in step 92. The message can 
30 be displayed if an originating ISDN telephone 32 is 
used or may comprise audible tones indicating a fail- 
ure if a conventional analog phone is utilized. Follow- 
ing step 92, the origination terminates at END 94. 
Following a YES determination by step 90, indi- 
35 eating a route is available between the originating 
broadband terminal 34 and the local switch 20, the lo- 
cal switch issues a DCS connection command as in- 
dicated in step 96. This command transmitted on line 
40 identifies the DCS port to which the originating 
40 broadband terminal is connected and a path through 
any other connected DCS and a final broadband 
channel 38 connected to local exchange 20. In step 
98 the local exchange initiates an interoffice call re- 
quest. In step 100 a determination is made if a call 
45 completion is acknowledged by the interoffice net- 
work. A NO determination indicates the call cannot be 
completed and leads to steps 92 and 94 as previously 
explained. AYES determination by step 100 which in- 
dicates call completion, causes a message to be dis- 
50 played to the originator of the call indicating call com- 
pletion as indicated in step 102. This assumes that 
the originating party utilized an ISDN telephone; if an 
analog telephone is utilized, appropriate analog tone 
signals are utilized to provide the indication. In step 
55 104 the broadband data link is established between 
the originating party's broadband terminal in the 
called party's broadband terminal. These steps con- 
clude at END 94 with the dial-up broadband call in 
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progress; teardown of the call is explained in FIG. 10. 

It will be apparent to those skilled in the art that 
a plurality of additional steps could be utilized in ad- 
dition to those shown in FIG. 8 depending upon the 
particular networks and systems utilized. For exam- s 
pie, a validation check of the calling party's number 
could be made before permitting the call to be further 
processed. 

FIG. 9 illustrates a flow diagram in accordance 
with an embodiment of the present invention for a 10 
destination switching system responding to a request 
to establish a broadband circuit Beginning with 
START 110, local exchange 20A receives a dial-up 
broadband call request from the interoffice network. 
In this example, local exchange 20A includes the 15 
broadband terminal associated with the called party 
number. In step 114 local exchange 20A identifies the 
DCS port address of the broadband terminal associ- 
ated with the called number utilizing the table as de- 
scribed in FIG. 4. In step 116 a determination is made 20 
if a route is available from local exchange 20 A to the 
broadband terminal 34A associated with the called 
number. A NO determination results in a negative ac- 
knowledgment being sent to the originating exchange 
over the interoffice signaling network as indicated by 25 
step 118. Next, the steps finish at END 120. 

Upon a YES determination by step 116 which in- 
dicates that a route from local exchange 20A to the 
broadband terminal 34 A is available, local exchange 
20A issues a connection request to the DCS over 30 
command line 40 A. This command causes the ter- 
minating DCS and any intervening DCS to establish 
a path between a designated broadband line 38A 
connected to local exchange 20Aand the final termin- 
ating DCS port to which the desired broadband ter- 35 
minal is connected. In step 124 a broadband call is es- 
tablished between the local exchange 2 OA and the T1 
line connecting the broadband terminal to the DCS 
port. In step 126 a call completion acknowledgement 
is sent to the originating local exchange 20 over the 40 
interoffice signaling network. In step 128 local ex- 
change 20A accepts the incoming broadband (DS1) 
call from local exchange 20 as carried by the interof- 
fice transmission network. This completes the call 
processing steps at the destination exchange as indi- 45 
cated by END 130. 

FIG. 10 is a flow diagram illustrating the termin- 
ation of an established broadband call. Beginning at 
START 140, the originating user of the broadband 
connection obtains access to a line utilizing telephone so 
32 which corresponds to the user's broadband termi- 
nal with the ongoing broadband communication 
channel. It will be noted that following the broadband 
call origination initiated by utilizing telephone 32, the 
narrowband line coupling the telephone 32 to local 55 
exchange 20 need not be maintained after the com- 
pletion of the broadband connection. Thus, to initiate 
another request regarding the corresponding broad- 
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band terminal, the user must reaccess the line asso- 
ciated with telephone 32. In step 144 the user enters 
a predetermined access code corresponding to an in- 
struction to the local exchange to terminate the cor- 
responding broadband path between the originating 
user's broadband terminal and the called party's 
broadband terminal. In step 148 local exchange 20 
transmits a confirmation message to the telephone 
32 associated with the originating broadband termi- 
nal confirming the request for broadband call termin- 
ation. This message may comprise a displayed mes- 
sage if telephone 32 is an ISDN telephone or prede- 
termined audible tones if telephone 32 is a conven- 
tional analog telephone. In step 150 local exchange 
20 sends path release commands to the DCS(s) 
through which the originating broadband terminal is 
connected. This causes the local path controlled by 
exchange 20 to be released. In step 152 local ex- 
change 20 sends a path release command utilizing 
the interoffice switch network to local exchange 20A 
indicating that the corresponding DS1 broadband 
path should be released. Upon receiving the path re- 
lease command, local exchange 20A will release the 
previously established broadband connection 
through the DCS(s) associated with the called party 
number. The path release steps terminates at END 
154. 

A similar broadband call termination process can 
be initiated by the corresponding telephone 32A of 
the called party broadband terminal 34A. 

Because 24 B channels can be utilized for user 
communications over an ISDN PRI circuit, communi- 
cations between T1 users and ISDN PRI users are 
possible. This adds flexibility with regard to commu- 
nications between such users. 

The present invention also eliminates the need 
for direct point-to-point communication paths in order 
to utilize broadband communications. The ability to 
utilize real-time dial-up broadband circuits maximizes 
communication capabilities between broadband 
users without requiring dedicated, high cost, fixed 
communication paths. 



Claims 

1. A telephone exchange (20) having a plurality of 
narrowband and broadband transmission chan- 
nels (36, 38) and providing broadband dial-up 
switched connections for broadband customer 
data terminal equipment (DTE)(26,28) character- 
ized by: 

means (54) for accepting over one of said 
narrowband channels (36) a request for broad- 
band service between a customer's certain DTE 
(34) and another DTE (34 A) supported by an- 
other exchange; 

means (46, 58, 22), responsive to said ac- 
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cepting means receiving said request, for auto- 
matically controlling the establishment of a 
broadband connection between one of said 
broadband channels (38) and said certain DTE 
(34); 5 

means (46, 50, 54) for communicating with 
an interoffice communications network (14) to 
establish a broadband channel over said network 
to said another exchange which supports said 
another DTE (34A); 10 

means (54, 22) for connecting said one 
broadband channel (38) and said interoffice 
broadband channel, thereby permitting broad- 
band communications upon dial-up demand by a 
customer. 15 

The exchange according to claim 1 wherein said 
accepting means accepts data signals sent over 
a narrowband dial-up channel, said data signals 
including a telephone number of the another 20 
DTE. 



establishment of a broadband connection be- 
tween one of said broadband channels and said 
certain DTE; 

communicating with an interoffice com- 
munications network to establish a broadband 
channel over said network to said another ex- 
change which supports said another DTE; 

connecting said one broadband channel 
and said interoffice broadband channel, thereby 
permitting broadband communications upon dial- 
up demand by a customer. 

7. The method according to claim 6 wherein said ac- 
cepting step accepts data signals sent over a dial- 
up narrowband channel, said data signals includ- 
ing a telephone number of the another DTE. 

8. The met hod accord ing to claim 6 furt her compris- 
ing the step of storing a line location address of 
each supported DTE and a corresponding tele- 
phone number. 



3. The exchange according to claim 1 wherein said 
controlling means comprises means (58) for 
sending command signals to multiplexing equip- 25 
ment (24) coupled to said broadband transmis- 
sion channels and said certain DTE (34), said 
command signals controlling which DTE coupled 
to the multiplexing equipment are connected to 
the broadband transmission channels. 30 



9. The method according to claim 6 wherein said 
controlling step comprises sending command sig- 
nals to multiplexing equipment coupled to said 
broadband transmission channels and said cer- 
tain DTE, said command signals controlling 
which DTE coupled to the multiplexing equipment 
are connected to the broadband transmission 
channels. 



4. The exchange according to claim 3 further com- 
prising means (56, 64) for storing a line location 
address of the multiplexing equipment of each 
supported DTE and a corresponding telephone 35 
number. 

5. The exchange according to claim 1 wherein said 
communicating means comprises means for util- 
izing a channel in a first frame for sending call es- 40 
tablishment data via said interoffice communica- 
tions network to said another exchange, and 
means for establishing a second frame for carry- 
ing communications between said certain DTE 

and said another DTE. 45 



10. The method according to claim 6 wherein said 
communicating step comprises the steps of util- 
izing a channel in a first multichannel frame for 
sending call establishment data via said interof- 
fice communications network to said another ex- 
change, and establishing a second multichannel 
frame for carrying communications between said 
certain DTE and said another DTE. 



6. A method for providing broadband dial-up switch- 
ed connections for broadband customer data ter- 
minal equipment (DTE) in a telephone exchange 
(20) having a plurality of narrowband and broad- so 
band transmission channels (36, 38), character- 
ized by: 

accepting over one of said narrowband 
channels a request for broadband service be- 
tween a customer's certain DTE and another 55 
DTE supported by another exchange; 

upon receiving a customer request for 
broadband service, automatically controlling the 
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